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1 ??
???????????????????, X???????????????????????
?????????, ??????????????????????????????. ????
???????????????????????????, ?????????????????
?????????????????????. ???????????????????, ???
????????????????????????????????????????????,
?????? Inoue et al. [3]?????????????. ?????????? Γb ??????
?????????????, ???? Ω???????????????????????
∂tv + (v · ∇)v = 1
ρ
j ×B + ν∆v in Ω× (0, T ),
∂tB = ∇× (v ×B − ηj)−∇φ in Ω× (0, T ),
j = ∇×B in Ω× (0, T ),
∂tφ+ c
2
h∇ ·B = −
c2h
c2p
φ in Ω× (0, T ).
(1.1)
??? v = (v1, v2, v3)?????????????????, B = (B1, B2, B3)????????,
j ???, φ????????????????????????, (1.1)? (v,B, j, φ)??????
???????? (v,B, φ)????????????. ??, ρ????????, η ??????
??, ??????????????? v ? B ?????????. ??? ν ?????, ch ???
cp ???????????????????. ????????????, ???? Ω? 3????
??, ???? Γb ??????????, Γb ????????? Bobs = (B1obs, B2obs, B3obs)???
???????????????????.
• ?????
v = 0, B = Bpot, φ = 0 in Ω.(1.2)
??? Bpot = (B1pot, B2pot, B3pot)?????????, ???????
∆f = 0 in R2 × (0,∞), ∂3f = −B3obs at x3 = 0
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?∂3 ? x3 ?????????????? f ???? Bpot = ∇f ??????????.
• ??????????????????????
v = 0, ∂nφ = 0 on ∂Ω× (0, T ).(1.3)
??? ∂nφ??????? φ???????????????. ??????????
B = γBobs + (1− γ)Bpot on Γb × (0, T ), B = Bpot on ∂Ω \ Γb × (0, T ).(1.4)
??? γ = γ(t)? γ(0) = 0?? [0, T ]? γ ∈ [0, 1]?????????????, ????
???????????????????????????????.
??????????????????????????, ???????????????. ??
?????????.
2 ???????????
??????? (1.1)–(1.4)????????????????????????????.
• ????? div v = 0???????????????????? (v · ∇)v ???????.
• ?????? ρ, η ? v ? B ??????.
• ????????? Γb ????????????????.
??????????????, ??? (v · ∇)v ??????? ρ, η ?????????????
??????. ???????? Ω = (0, 1)3 ???????????????????
∂tv =
1
ρ
(∇×B)×B + ν∆v in Ω× (0, T ),
∂tB = ∇× (v ×B − η∇×B)−∇φ in Ω× (0, T ),
∂tφ = −c2h∇ ·B −
c2h
c2p
φ in Ω× (0, T ).
(2.1)
???, ρ, ν, η, ch, ??? cp ?????, ?? j ??????? j = ∇×B ???? (v,B, j, φ)?
???????? (v,B, φ)????????????????. ??, ?????
v = 0, B = B0, φ = 0 in Ω,(2.2)
?????
v, B, ??? φ? x1 ∈ [0, 1]??? x2 ∈ [0, 1]???????,
v = 0, B = Bb, ∂nφ = 0 on Γ3 × (0, T )
(2.3)
???. ??? Γ3 = [0, 1]2 × {0, 1}???? Ω?????????????, B0 : Ω→ R3 ???
Bb : Γ3 × (0, T ) → R3 ??????????????. ???????????????????
(2.1)–(2.3)????, ?????? [1, 2]??????????????????????????
??????. ???????????????????????????.
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(1) ????????????? (2.1)–(2.3)???? (vN , BN , φN ), N = 1, 2, . . . ?????.
(2) ?????????????? (vN , BN , φN )???????????????.
(3) ????? {(vN , BN , φN )}∞N=1 ?????????????????????, ?????
??? (2.1)–(2.3)???????????.
????????????????????????, ?? (2)?????? ∇ · BN ??????
????????, ??? (vN , BN , φN )??????????????????????.
?????????????????????????, ??????????????????
??????????????????????. ??? (2.1)?? 2??? 3???, ?????
???????????????????????
∂2t (∇ ·B) +
c2h
c2p
∂t(∇ ·B)− c2h∆(∇ ·B) = 0 in Ω× (0, T ).(2.4)
???????????????, ????????????????????????????.
???????????????????????, ?????????????????????
?????????????????????????????????.
3 ????????
? 2????????, ??? (2.1)????????????? (2.4)???????????
???????. ?????????????????????????????????. ???
??????????????
c2p
c2h
∂2t (∇ ·B) + ∂t(∇ ·B)− c2p∆(∇ ·B) = 0 in Ω× (0, T )
????, ?????????? ch ????????????????????????????
∂t(∇ ·B)− c2p∆(∇ ·B) = 0 in Ω× (0, T ).(3.1)
??????????????????????????????, ??????????????
????????????????????????????????????. ????????
?, ?????? Ω = (0, 1)3 ?????????????????
∂tv =
1
ρ
j ×B + ν∆B in Ω× (0, T ),
∂tB = ∇× (v ×B − ηj)−∇φ in Ω× (0, T ),
j = ∇×B in Ω× (0, T ),
φ = −c2p∇ ·B in Ω× (0, T ).
(3.2)
??? ρ, η, ??? cp ??????. ??, (3.2)?? 4??????? (3.1)??????????
????????????. ????? (3.2)????? (v,B, j, φ)????????????, ?
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3??? 4?????????? (v,B)????????????????????? ∂tv =
1
ρ
(∇×B)×B + ν∆v in Ω× (0, T ),
∂tB = ∇× (v ×B − η∇×B) + c2p∇(∇ ·B) in Ω× (0, T ).
(3.3)
???????? (3.3)?????
v = 0, B = B0 in Ω(3.4)
???????
v, B ? x1 ∈ [0, 1]? x2 ∈ [0, 1]???????,
v = 0, B = Bb on Γ3 × (0, T )
(3.5)
???? Γ3 = [0, 1]2 × {0, 1}???, B0 : Ω→ R3 ? Bb : Γ3 × (0, T )→ R3 ??????????
????????????. ????, ???????????????????????????
??, ????????????????? (3.3)–(3.5)???????????????. ????
???, ???????????????????????????????.?
??, ???????????????????????????????????????.
4 ???????????????
???????????????????????????????????????????.
??????? 1???? (0, pi)?????????. ??????????????????
∂tfD(x, t) = c
2
p∆fD(x, t), (x, t) ∈ (0, pi)× (0,∞),
fD(0, t) = fD(pi, t) = 0, t ∈ (0,∞)
????, ?????????????????? fD ????????????????????
fD(x, t) ∼ exp(−c2pt).(4.1)
?????, ????????
∂2t fW (x, t) +
c2h
c2p
∂tfW (x, t) = c
2
h∆fW (x, t), (x, t) ∈ (0, pi)× (0,∞),
fW (0, t) = fW (pi, t) = 0, t ∈ (0,∞)
?? fW ???????????????????????
fW (x, t) ∼ exp
(
− c
2
h
2c2p
(
1−
√
1− 4c
4
p
c2h
)
t
)
if ch ≥ 2c2p,
fW (x, t) ∼ exp
(
− c
2
h
2c2p
t
)
if ch < 2c2p.
(4.2)
? (4.1)? (4.2)??, ???????? fD ??????????? fW ????????????
?????????????. ???????????????????????????????
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(2.4)??????? (3.1)?????????????????????????????. ???
????????????????????????????????, ????????????
????????????????????????????? (3.2)?????.
??, ?????????? ch ??????? (ch → ∞)???, ??
√
1− x? x = 0???
????????
1−
√
1− 4c
4
p
c2h
=
2c4p
c2h
+ o
(
1
c2h
)
(ch →∞)
???, ?????????? fW ???? (4.2)? ch ≥ 2c2p ?????
fW (x, t) ∼ exp(−c2pt) + o(1) (ch →∞)
????????. ??????????? fD ???? (4.1)????????, ????????
???????????????????????????????????????????.
5 ??
??????????????????? (1.1) ?????????????????????,
????????????????? (2.4)????????????????????. ????
???????????????????????????????, ?????????????
??????????????????????????????????????. ??, ???
?? (3.2)?????????????????????, ??????????????????
??????????????? (1.1)??????????????????.
???????????? (1.1)????????????????????????? (3.2)?
???, ?????????????????????????????????????????
?????????????. ???????????????????????????????
?.??????????????????, ???????????, ?????????????
??????????????????????????????. ??????????????
???????????????????????????????????????????.
??
???????????????? JAXA????????????????????????
??????. ??, ???????????????????????????????????
?????????????????, ???????????, ?????, ????, ?????,
?????, ?????, ????????????????????????. ?????????
??.
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